Introduction {#sec0005}
============

Acute myocarditis is frequently accompanied by conduction disturbances [@bib0005]. Complete atrioventricular (AV) block may occur in acute myocarditis as lymphocytic myocarditis or giant cell myocarditis, but rarely in eosinophilic myocarditis [@bib0010], [@bib0015], [@bib0020]. Acute necrotizing eosinophilic myocarditis is the most severe form of eosinophilic myocarditis or hypersensitivity myocarditis [@bib0025]. The disease, usually fatal, is rare and presents with acute onset and rapid progression to fulminant heart failure characterized by extensive necrosis of myocytes with predominant eosinophilic infiltration [@bib0025], [@bib0030], [@bib0035]. Although steroid therapy was previously reported to be effective for acute necrotizing eosinophilic myocarditis, the therapeutic efficacy is not established because of the rapid clinical course [@bib0020]. To the best of our knowledge, this is the first case report of acute necrotizing eosinophilic myocarditis complicated by complete AV block that was promptly resolved by steroid therapy.

Case report {#sec0010}
===========

A 66-year-old female patient presented to the emergency department of our hospital with complaint of increasing general malaise. She had been in her usual state of health until 3 days before presentation, when malaise and nausea developed. Her medication was rosuvastatin for hypercholesterolemia. Her electrocardiogram (ECG) result was normal at 7 months before presentation. She reported having no allergies or drug hypersensitivity. Her temperature was 35.9 °C; blood pressure, 129/83 mmHg; and pulse, 123 beats/minute. The heart was normal without the presence of a gallop rhythm or crackles. There was no skin rash. Blood tests showed a leukocyte count of 8900 count/mm^3^ (predominantly neutrophils, 6755 count/mm^3^), with normal eosinophil count (213 count/mm^3^), C-reactive protein (7.18 mg/dL), troponin T (3.6 μg/L), creatine phosphokinase (474 U/mL), creatine phosphokinase MB isoenzyme (47 U/mL), asparate aminotransferase (652 IU/L), alanine aminotransferase (524 IU/L), and lactic dehydrogenase (957 U/L). ECG at arrival showed sinus tachycardia with complete right bundle branch block and ST-segment elevation in leads III, aV~F~, and V1--V3 ([Fig. 1](#fig0005){ref-type="fig"}A). Ultrasound cardiography (UCG) revealed pericardial effusion, edematous myocardium, and reduced contractility of the left ventricle (LV) ([Fig. 2](#fig0010){ref-type="fig"}A). Coronary angiogram showed normal coronary arteries, and right ventricular biopsy specimens were obtained. Seven hours after admission, complete AV block occurred with cardiogenic shock, necessitating temporary cardiac pacing ([Fig. 1](#fig0005){ref-type="fig"}B). Then, congestive heart failure persisted despite administration of inotropic agent and diuretic. On the sixth day after admission, repeat blood test showed leukocytosis (16,800 count/mm^3^) and eosinophilia (1176 count/mm^3^). The biopsied specimens revealed pronounced interstitial infiltration of inflammatory cells predominantly composed of eosinophils, with fewer lymphocytes, accompanied with myocardial necrosis ([Fig. 3](#fig0015){ref-type="fig"}). Some of the eosinophils had degranulation. Interstitial fibrosis was not observed. The pathological findings led to a diagnosis of acute necrotizing eosinophilic myocarditis, and oral prednisolone (30 mg/day) was begun. The complete AV block was promptly resolved on the first day of steroid therapy. Her clinical symptoms progressively decreased, accompanied with normalization of eosinophil count and inflammatory markers. UCG showed improved LV contractility, attenuated LV hypertrophy, and decreased pericardial effusion. The prednisolone dose was then reduced by steps of 5 mg/week.Fig. 1Electrocardiogram. (A) On admission, sinus tachycardia with complete right bundle branch block and ST elevation in leads III, aV~F~, and V1--V3 were found. (B) Seven hours after admission, complete atrioventricular blocks occurred suddenly. (C) On the 18th day, left-axis deviation and right bundle bunch block remained.Fig. 1Fig. 2Ultrasound cardiography. (A) Before corticosteroid therapy. (B) After corticosteroid therapy. The left side is at end diastole and right side is at end systole. Pericardial effusion, left ventricular (LV) hypertrophy, and reduced LV contraction recovered to normal after corticosteroid therapy.Fig. 2Fig. 3(A) Endomyocardial biopsy from the right ventricle showing extensive infiltration by inflammatory cells (hematoxylin and eosin staining). (B) Myocardial necrosis with marked eosinophilic infiltrate was observed (hematoxylin and eosin staining).Fig. 3

A drug lymphocyte stimulation test for rosuvastatin was negative. The result of the screening test for specific IgG antibody to parasite was also negative. No significant increase in virus-specific IgG antibody in acute/convalescent serum pairs or presence of virus-specific IgM antibody in a single serum specimen was detected.

On the 30th hospital day, she was discharged from the hospital, with the prednisolone dose tapered to 10 mg/day. At discharge, UCG showed normalization of the wall thickness and contraction of LV with slight pericardial effusion ([Fig. 2](#fig0010){ref-type="fig"}B). ECG showed left-axis deviation and complete right bundle blocks sustained ([Fig. 1](#fig0005){ref-type="fig"}C). Follow-up at 6 months showed that the patient has been doing well and has no signs of disease recurrence.

Discussion {#sec0015}
==========

Eosinophilic myocarditis, a rare disease characterized by myocardial inflammation with eosinophils, has various etiologies [@bib0035]. Hypersensitivity reaction induced by drugs, infections, and allergic reactions; autoimmune systemic diseases; malignancies; and hypereosinophilic syndrome are the major causes [@bib0035]. Acute necrotizing eosinophilic myocarditis is the most severe form of acute eosinophilic myocarditis. Although it is a fatal disease, a standard treatment has not been established due to its rarity. The present case raises important clinical issues in terms of treatment of the disease. Firstly, AV block complications can arise in the clinical course of acute necrotizing eosinophilic myocarditis. Although complete AV block may appear in acute myocarditis such as lymphocytic myocarditis or giant cell myocarditis, it rarely occurs in eosinophilic myocarditis [@bib0010], [@bib0015], [@bib0020]. Because conduction systems contain rich interstitial tissues, interstitial inflammation can likely lead to their damage [@bib0005]. The present case showed pronounced interstitial infiltration of the inflammatory cells composed of predominantly eosinophils in the myocardium. This finding indicates that if complete AV block occurs in acute myocarditis, not only lymphocytic myocarditis or giant cell myocarditis should be considered, but also eosinophilic myocarditis. A case of acute eosinophilic myocarditis in a toddler with complete AV block and wide complex tachycardia was reported previously [@bib0015]. In that patient, a hypersensitivity reaction was considered as a possible etiology, and the myocardial dysfunction accompanied with arrhythmia resolved spontaneously. Our patient was an adult with heart failure accompanied by complete AV block that persisted until administration of steroid therapy.

Second, appropriate steroid therapy in the early stage may effectively suppress inflammation in acute necrotizing eosinophilic myocarditis. In addition, steroid therapy may not only inhibit progression of conduction disturbances but also reverse conduction disturbances to some extent. In eosinophilic myocarditis, eosinophil granule proteins cause cardiac injuries associated with eosinophilic infiltration of tissues [@bib0040]. Corticosteroid therapy is recommended as the first-line treatment because it inhibits eosinophil degranulation [@bib0035]. A combination of steroids and other immunosuppressive agents is also reported as an effective treatment of eosinophilic myocarditis [@bib0045]. In our case, although the complete AV block was resolved by steroid therapy, left-axis deviation and complete right bundle blocks persisted. Therefore, when acute myocarditis is suspected clinically, cardiac biopsy should be performed immediately to confirm the diagnosis and to initiate proper therapy as soon as possible [@bib0030], [@bib0035], [@bib0040]. We started with moderate-dose oral steroid therapy (prednisolone 30 mg per/day) rather than high-dose steroid therapy for the treatment of acute necrotizing eosinophilic myocarditis [@bib0050]. Because there is no evidence of adequate steroid dose for acute necrotized eosinophilic myocarditis, we followed the steroid dose recommended for eosinophilic myocarditis [@bib0050]. Although moderate-dose oral steroid therapy was effective in the present case, treatment with high-dose corticosteroids may be considered when cardiac dysfunction or heart block does not improve in fulminant myocarditis [@bib0025].

In the present case, although the etiologic agent of myocarditis was undetermined, based on the clinical context, a viral infection was the most likely predisposing factor. Interestingly, viral infection was previously reported to trigger acute necrotizing eosinophilic myocarditis, for which corticosteroid therapy is effective [@bib0025]. Our patient had been healthy, but she had no underlying allergic diathesis that is different from the previously reported case [@bib0025]. Drug-induced hypersensitivity syndrome is a severe reaction after drug intake that can cause acute necrotizing eosinophilic myocarditis. Our patient took no other medication except rosuvastatin, which did not affect the recovery course.

In conclusion, acute necrotizing eosinophilic myocarditis can be complicated by complete AV block. Early cardiac biopsy is central in making the diagnosis, and early steroid therapy administration is necessary for the treatment of acute necrotizing eosinophilic myocarditis to resolve conduction disturbances as well as cardiac dysfunction.
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